Background: Ulcerative colitis (UC)-related post-colectomy enteritis is a very rare condition that is characterized by diffuse small-bowel mucosal inflammation following colectomy and could be very dangerous. In previously reported cases, corticosteroid therapy seemed to be the optimal choice for inducing remission; however, the patient studied herein presented with severe diarrhoea and hypovolemic shock and failed to achieve full remission with corticosteroid therapy. Case presentation: We describe the case of a patient with severe pan-enteritis presenting with life-threatening diarrhoea complicated with hypovolemic shock and acute kidney injury after colectomy and ileal pouch anal anastomosis (IPAA) for UC; this patient was successfully treated by ileostomy closure after failing to achieve full remission with corticosteroid therapy. Next, we review other cases of post-colectomy enteritis reported in the literature and propose a flow-chart for its diagnosis and initial treatment. Conclusion: Post-colectomy enteritis can be dangerous, and the early awareness of this condition plays a vital role. Additionally, in patients who do not respond well to corticosteroid or immunosuppressant therapy, early closure of the ileostomy and re-establishment of the natural faecal stream could be important considerations.
Background
Ulcerative colitis (UC) has been characterized by superficial and diffuse inflammation limited to the colon and rectum. Usually, small-bowel involvement in UC manifests as backwash ileitis or post-colectomy pouchitis [1] . UC-related post-colectomy enteritis is characterized by diffuse small-bowel mucosal inflammation following colectomy [2, 3] .
In previously reported cases, corticosteroid therapy seemed to be the optimal choice for inducing remission [2] . However, in this report, we describe the case of a patient with post-colectomy enteritis who presented with severe diarrhoea and hypovolemic shock and failed to achieve full remission with corticosteroid therapy but fully recovered after ileostomy closure. Additionally, we review the relevant cases in the literature and propose a diagnostic algorithm and treatment strategy.
Case presentation
A 51-year-old woman who presented with diarrhoea containing mucus and blood had initially been diagnosed with acute severe ulcerative pan-colitis and backwash ileitis at the age of 49 years at Peking Union Medical College Hospital (PUMCH) in December 2014. She had poliomyelitis when she was very young, and there was nothing special regarding her family or psychosocial history. Serology was positive for perinuclear antineutrophil cytoplasmic antibody (pANCA) and negative for anti--Saccharomyces cerevisiae antibody (ASCA). Her condition was refractory to steroids and complicated by Cytomegalovirus (CMV) infection. Ultimately, she underwent sub-total colectomy and ileostomy in February 2015. Pathological examination of the resection specimen showed diffuse pan-colitis consistent with UC and no indications of Crohn's disease (Fig. 1) . She did well in the following 11 months; prednisone was tapered and stopped within 2 months, and she gained 5 kg of weight after the ileostomy. In January 2016, a scheduled restorative ileal pouch-anal anastomosis (IPAA) with proximal neo-ileostomy was performed.
From one month after the IPAA, her 24-h stool collection slowly increased to 1.5-2 L. Next, she noticed decreased urine output since April. In early May 2016, she presented to our emergency room with repeated unconsciousness over the course of 10 days. Her vital signs were as follows: blood pressure (BP), 74/50 mmHg; heart rate (HR), 90 bpm; additionally, she exhibited a poor nutritional status (160 cm; 39 kg). On physical examination, active bowel sounds were noticed to occur approximately 7-9 times per minute. Her serum creatinine level was 183 μmol/L, indicating acute kidney injury. Treatment with fluid replacement and noradrenaline maintained her BP at 80-90/50-60 mmHg and gradually normalized her creatinine level. However, her 24-h watery stool collection persisted, and she developed fever and vomiting. While many leukocytes were found in stool collected from the diverted ileostomy, repeated stool cultures and tests for Clostridium difficile toxins were negative. Tests for CMV-DNA, CMV-pp65 and EBV-DNA were performed and were all negative. The patient was not on any medications, including NSAIDs, upon verification. Her treatment with steroids was stopped before the end of April 2015. Empirical treatment with antibiotics, including ceftazidime, metronidazole and oral vancomycin, was administered with no response. Due to her reliance on noradrenaline, relative adrenal insufficiency was suspected, and hydrocortisone was initiated at 50 mg q6 h intravenously. Her stool volume decreased to less than 500 ml per day quickly, by which time the treatment with noradrenaline was successfully stopped. The levels of D-lactate, endotoxin and diamine oxidase indicated that the barrier function of the intestine was compromised and that bacterial translocation may have occurred. Oedematous inflamed mucosa with patchy superficial ulcers was observed in the diverted pouch by pouchoscopy. Although an upper endoscopy and an endoscopy through a stoma revealed a normal gross appearance in the stomach, duodenum and pre-stomal ileum (Fig. 2a, b) , the histological examination of tissue biopsies of both the duodenum and pre-stomal ileum revealed enteritis, as indicated by moderate villous atrophy, cryptitis, decreased goblet cells, and severe active inflammation with neutrophil infiltration in the lamina propria, as well as negativity for intraepithelial lymphocytosis ( Fig. 3a-d ). From these lines of evidence of histological enteritis presenting in the duodenum, pre-stomal ileum and diverted pouch, we considered pan-enteritis to be present, and we diagnosed the patient with post-colectomy enteritis. The patient was treated with methylprednisolone at 30 mg intravenously once a day with tapering by 5 mg every 7 to 10 days; however, her stool volume from the ileostomy still gradually increased to 3-4 L. After a multidisciplinary team discussion, ileostomy closure was debated as the final rescue treatment and was performed in August 2016. Two months later, her stool volume decreased to less than 1 L per day, and she gained 2.5 kg of weight. Azathioprine at 50 mg/d was prescribed during the tapering of prednisone. Until the last follow-up in March 2018, she performed well, with an increase in body weight to 50 kg, and daily defecation approximately 5-6 times at less than 1 L/day, sometimes with form (Additional file 1). Gastroduodenal endoscopy and pouchoscopy were repeated annually and showed normal villi in the descending duodenum and neo-ileum in March 2018 (Fig. 2c, d) . Gradually, the histology changed, showing recovery of the villous atrophy, cryptitis and inflammation in the lamina propria to normal (Fig. 3e-f ).
Discussion and conclusion
UC is normally restricted to the rectum and colon; however, exceptions include backwash ileitis, post-colectomy pouchitis, pre-stomal ileitis and post-colectomy enteritis [1, 4] . Post-colectomy enteritis, also called UC-related pan-enteritis, is characterized by diffuse, superficial, ulcerative mucosal inflammation of the entire small bowel, with a typical onset after colectomy for UC [4, 5] .
We searched the PubMed, Medline and Embase databases for case reports and case series using the terms 'ulcerative colitis' and 'post-colectomy enteritis' or 'pan-enteritis and included those published in English or with an English abstract before June 17, 2018. In addition to a literature review of 42 cases published in 2008, 11 other cases have been reported, including ours (Table 1 ). The median patient age was 43 years (range: 19-57 years). The symptoms included nausea, vomiting, abdominal pain, and a high ileostomy output [5, 6] . The differential diagnosis ranged from various infections to immune-mediated conditions, malignancies, ischaemia and toxic effects [7] . Endoscopy and pathology are essential to reveal the diffuse, superficial, and ulcerative mucosal inflammation in the small bowel, as in UC, and to differentiate them from the characteristics of Crohn's disease, such as aphthous ulcers, deep ulcerations, strictures, skip lesions, and patchy and transmural inflammation [7, 8] . Although a secondary intestinal failure due to a long-term electrolyte and/or fluid deficit could not be ruled out completely, we believe that the diagnosis of post-colectomy pan-enteritis could be established based on the histological findings.
Seven previous case reports have described patients who developed enteritis within one month and whose conditions worsened quickly [3, 6, 9, 10] . In such cases, a delay in the diagnosis and the use of corticosteroids can be fatal (2/7 dead) or lead to dangerous conditions, such as acute perforation or massive bleeding (2/7) [6, 10, 11] .
Once the correct diagnosis is established, patients usually rapidly respond to treatment with intravenous corticosteroids and improve within 24 h [2, 7, 12] . Azathioprine, tacrolimus, and infliximab have been reported as maintenance therapies [11, 13, 14] . Only one case report described a scheduled loop ileostomy closure without describing the post-operative changes [7] . In our case, the use of hydrocortisone quickly improved our patient's critical status. However, the symptoms did not fully resolve before the ileostomy was closed, indicating that patients may benefit from the re-establishment of a natural faecal stream. Thus, we propose a diagnostic algorithm and treatment strategy (Fig. 4) . This algorithm includes a summary of experiences from previous reports in the literature [2, 7, 9] ; in all cases, the patient underwent steroid treatment. The responses of six of nine patients whose steroid dosage ranged from 0.6 to 0.8 mg/kg/d were reported. Five patients showed significant improvement within 48 h. The sixth patient showed no improvement after steroid therapy, which is similar to the patient in our case [13] . In that case, the patient's condition was relieved after treatment with tacrolimus. Unlike that patient, our patient achieved remission after closure of the ileostomy. Here, we propose a diagnostic algorithm and treatment strategy based on a few cases. An observational study with a larger number of cases will be extremely helpful for reaching a more precise conclusion. Unfortunately, post-colectomy enteritis in UC patients is a relatively rare condition. Thus, a study based on cases is much more feasible.
The pathogenesis of post-colectomy enteritis is unknown. There is a possibility that, in the setting of severe UC, the massive T cell-and cytokine-mediated inflammatory response may continue after colectomy with infiltration of the small bowel. Additionally, a change in faecal stasis after ileostomy and post-surgical ischaemia may play a role. In our case, we tested the intestinal barrier function and serum endotoxin level, and the elevated endotoxin level may support bacterial translocation in this scenario. Bacterial overgrowth may also induce an inflammatory response. Unfortunately, we could not collect any stool samples from the patient's diverted pouch due to the low discharge level. In any subsequent similar scenario, the culture and other tests of stool collected from the ileostomy stoma or diverted pouch will be of great value. Considering the differences in severity and outcome among patients who develop pan-enteritis within one month and beyond one month after surgery, we propose that different pathogeneses may exist. For those who develop pan-enteritis shortly after surgery, faecal stasis may outweigh immune mediation. In this case, improvement of the patient's situation FU Follow-up, NM not mentioned, ND not detected, NA not applicable, TAC total abdominal colectomy, IPAA ileal pouch-anal anastomosis, D duodenum, I ileum, P pouch, S stomach, J jejunum, Dx diagnosis, Infx infection, SD steroid dependent, AP after procedure, SS since steroids after closure of the stoma indicates the benefit of re-establishing faecal stasis. However, to verify the above hypothesis, more cases and further mechanistic studies are required.
In conclusion, we report a novel case of severe post-colectomy enteritis; this patient did not respond well to corticosteroid therapy but benefitted from the early closure of the ileostomy and the re-establishment of a natural faecal stream. Because post-colectomy enteritis is a rare condition, which increases the difficulty of conducting large-sample trials, we hope that the experience of our case provides valuable information for future clinical practice. 
